ABSTRACT
INTRODUCTION
eveloped countries often resist exports from developing countries if the exports do not meet their country quality standards. In order to increase exports to developed countries, more and more enterprises choose to adopt international standards to reduce consumers' uncertainty about the quality of products and thus increase selling in the market (Uzumeri, 1997) . Till now, the most important and widespread voluntary standards is the ISO (International Standard Organization) 9001:2000 series. "The standards provide guidance and tools for companies and organizations who want to ensure that their products and services consistently meet customer's requirements, and that quality is consistently improved." 1 The ISO 9000 family covers various aspects of quality management. Among them, ISO 9001 sets out the requirements of a quality management system. 2 As of December 2011, the total number of ISO 9001 certificates reaches 1,111,698 across 178 countries around the world.
Last but not the least, this paper provides important policy implication for Chinese SOEs. Some studies show that SOEs have significantly increased the total factor productivity during the period of China's enterprise reform (Jefferson, Rawski, and Zhang, 1994) . While others argue there are still mounting problems within SOEs, which leads to significant financial losses and increased reliance on government subsidies (Bai, Li, and Wang, 1997) . Our finding that SOEs may obtain ISO 9000 just to comply with the government suggests that the reform in these firms is not thorough yet.
The remainder of the study includes the following sections. Section 2 reviews the literature and introduces related studies. Section 3 explains our research models and variable definitions. Section 4 discusses the data and sample collection process. Section 5 reports empirical test results. And Section 6 concludes.
LITERATURE REVIEW
Existing studies find a positive relation between adoption of ISO 9000 standards and country level exports. Rao et al. (1997) find ISO 9000 certified companies exhibit better information gathering and analysis, human resource development, supplier and customer relations, and overall management practices. In specific countries, Swann et al. (1996) show adoption of ISO 9000 standards increases exports in England; Blind (2001) also find the positive impact in Sweden. In the international scope, Grajek (2004) studies the impact of ISO 9000 standards on bilateral exports among 101 countries during the period from 2001 to 2005. He finds both domestic and foreign ISO 9000 adoption benefits bilateral exports.
Critiques of these studies present different results. Temple and Urga (1997) argue the results in Swann et al. (1996) do not hold if variables to measure labor and capital are included in the model. Blind and Jungmittag (2002) find adoption of the standards in Germany has almost no effect on exports to France. In addition, Clougherty and Grajek (2008) study the exports from 52 OECD countries and report that the effect of the standards on these country exports is very marginal. Overall, country level studies do not provide consistent evidence whether adoption of ISO 9000 standards increases exports.
It is a costly process to apply for the quality standards. To pass the ISO 9000 audit, a firm needs an average of 6 to 18 months of preparation. According to Anderson and Sohal (1999) , in the United States, the average certification cost for a middle-size enterprise (around 100 employees) is about $50,000; it is about $300,000 for a big-size enterprise (more than 100 employees). Dissanayaka et al. (2001) argue the adoption of ISO 9000 leads to more paperwork, increased time spent in management, and higher overall project cost. Therefore, it is important to understand, in what types of firms, ISO 9000 standards increase exports.
The studies on the impact of ISO 9000 standards using firm-level data are limited. Masakure et al (2009) uses the firm exports from 137 enterprises in Pakistan during the period from 2000 to 2004. They find ISO 9000 standards increases firm exports, especially for those who started exports recently. Martincus et al. (2010) study Argentina firm exports from 1998 to 2006. They find ISO 9000 standards not only increase exports but also increase the number of destination countries. Another study by Chen et al. (2008) uses the survey data from World Bank Technical Barriers to Trade Survey (2004). They find, in developing countries, compliance with the quality standards increases the total exports, as well as the number of export markets and products.
All these studies confirm the positive relation between obtaining the quality standards and export growth. There is no evidence, however, whether the impact of ISO 9000 standards on exports differ among industries and firm ownership structure. The Clute Institute difference: and without obtaining the certification, respectively. At a certain point of time, a firm can either be certified or not. The above difference therefore is not observable. Furthermore, since the adoption of the quality standards is voluntary, the observed data may not be random. In this case, we cannot simply use the exports from non-certified firms to proxy for the exports from certified firms. That is,
, if firm j is not certified.
In order to control for the self-selection in applying for the quality standards, we employ the propensity score methodology proposed by Rosenbaum and Rubin (1983) and Heckman, LaLonde and Smith (1999) . First, including all treated and control firms, we identify a set of variables (X i ) in period 0 that are related with the probability of getting ISO 9000 certification in period 1. We can consistently estimate
, or the propensity score. After we control for the propensity of getting certified, the observed export can be independent from the decision of getting certified
Then, using a certain matching estimator, we find the matching firm (j) from the control sample who has the best matched X j with the treated firm X i . There are different ways of getting matching estimators. The most commonly used approaches are the nearest neighbor matching (NNM) and kernel-based matching (KBM) methods (Heckman et al., 1997; Becker and Ichino, 2002) . The NNM consists of matching each treated firm with the control firm that has the closest propensity score. The ATT is the average of all the differences of each pair of matched firms. The KBM finds each treated firm with a set of control firms. The ATT is the average of all the differences between treated firm and the weighted average of control firms, using weights that are inversely related to the distance between the propensity score of treated and control groups.
Through the matching process, the control firm is expected to have the same exports in period 1 with the treated firm(s) had it got ISO 9000 standards. In this case, we can use In order to find the best matched firm(s), we need to determine what factors are related with the propensity to become certified. We control for the existing level of exports, measured by the natural log of the firm's exports lag one year (EXPORT_0). Successful previous exports indicate that a firm has established foreign sales channels and built up its market reputation. Adopting the costly standards, in this case, may not add additional value to the firm. On the other hand, existing exports also measure the firm size. Bigger firms benefit from smaller certification cost per unit of sales and thus are more willing to apply for the certification. Given these two contradictory effects, 7 In particular, to mimic the exports of getting certified in period 1 
DATA AND SAMPLE SELECTION
We start our sample collection from China Industry Business Performance Data. All national industrial enterprises and large non-national industrial enterprises are required to submit quarterly and annual performance data to local bureaus of statistics, who report to the China National Bureau of Statistics to compose the China Industry Business Performance Data. 9 This dataset starts from 1998 and the most updated version covers firm performance until 2007. There are in total 550,000 different enterprises included in the report, which covers 89.5% of all Chinese industrial firms. The firm-level variables includes the firm name, industry, firm type, incorporation year, number of employees, assets, debts, revenue, net income, etc. This dataset is currently the largest and most comprehensive source of Chinese industrial firm-level performance.
Our sample period is from 2005 until 2007 because the firm level exports from China Industry Business Performance Data starts from 2005 while ISO9000 standards have a new version after 2008. Since Chinese exports are largely affected by governance policy, which can differ significantly across provinces, we focus on a specific province to avoid the regional policy differences. In particular, we choose Zhejiang Province, the third largest exporting province among the 32 provinces in China. 10 Further, we require the firm has continuous records on the main variables. Our initial sample includes 10,076 firms. 11 "FOREIGN" is a dummy variable of foreign shareholder's ownership. "WAGE" is the average wage per employee (RMB). "LP" is labor productivity measured as the industry value added over the number of employees. All continuous variables are winsorized at the 1% and 99% level. 9 Large non-national industrial enterprises are those with annual operating income more than RMB 5 million (2010 Chinese Yuan). 10 In 2011, the top three provinces of exports are Guangdong Province ($531,900 mil), Jiangsu Province ($312,600 mil), and Zhejiang Province ($216,400 mil). 11 We also use the natural log of total number of employees to measure firm size. The results do not change. The Clute Institute 
EMPIRICAL RESULTS
In this section, we report the empirical study evidence. First, we use the univariate tests to examine whether certified firms and non-certified firms are different in exports as well as ex-ante firm characteristics. In multivariate analysis, we use the propensity score methodology to control for the propensity of obtaining the certification. Then, we study the impact of ISO9000 certification by comparing the export growth in treated firm with that in control firms. Based on the whole sample evidence, we further examine whether the certification impact is different across industries and ownership structures. Table 2 compares the certified firms with non-certified firms in their exports as well as ex-ante firm characteristics. The data shows the average volume of exports in certified firms is significantly higher than that in non-certified firms in 2005. This difference expands from 19.50 RMB million to 31.19 RMB million in 2007. This observation suggests ISO 9000 standards may increase firm level exports. Overall, these observations suggest we need to control for ex-ante firm characteristics to study the impact of ISO 9000 on export growth since these factors may contribute to the export growth difference between certified and non-certified firms.
Univariate Analysis

Multivariate Analysis -Whole Sample
First, we use the Logit model to test the probability of applying for the quality certification. The results are reported in Table 3 . T-value is reported in parentheses. *** , ** and * indicate statistical significance at 1%, 5%, and 10%, respectively. The dependent variable is a binary variable CERTI, which equals one if a firm has ISO9000 certification in 2005; otherwise, zero. All the independent variables are measured at the firm level in 2004. Model (1) supports the argument that firms with already established sales channels may not have strong incentive to apply for the quality standards. Larger firms are more likely to do so because of lower average application cost. In the next three models, we include additional control variables, the results do not change. Firm diversification (PROD) is positively related with certification probability because diversified products and markets allow the firm to benefit more from the certification. Firms with higher production continuity (measured by wage and productivity) are more likely to get certification.
The relation between foreign-invested firms and certification may be more complicated. On the one hand, foreign-invested firms are more likely to get certification since their products are usually exported to foreign markets. On the other hand, because of existing sales channels, foreign-invested firms usually bear lower transaction costs in international trades and thus have lower incentive to get certification. The result shows that foreign firms have less intention to obtain the quality certification.
Based on the certification probability estimates, we then match each certified firm with the most similar noncertified firm (nearest neighbor matching) or with noncertified firms with the weighted defined by the difference between their propensity scores and that of the certified firm (kernel matching). To further check whether the nearest neighbor and kernel estimation processes are qualified, we use the balancing test. It is to check whether the estimation can balance the distribution of the relevant variables in both the certified and the control groups. If these two groups are significantly different in relevant variables, the matching is not qualified and the kernel estimation will not be valid. According to Smith and Todd (2005) the control group. The smaller the standard bias, the more balanced or similar the treatment and comparison groups will be in terms of the variable under consideration (Rosenbaum and Rubin, 1985) . Following Girma (2007), we consider an absolute SB value of 20 suggesting a qualified matching; otherwise, the matching procedure is not reliable. Table 4 reports the mean of each relevant variable in treated and control groups. We conduct a two-sample T-test and calculate the absolute standardized bias to check whether there are significant differences in the means. In particular, Panel A shows the comparison between treated firms and the most similar control firms, and the Panel B shows that between treated firms and the whole control group. The two sample T-tests suggest that all mean differences are not statistically different from zero. The absolute standard biases are all much less than 20, indicating the matching procedure of high quality. Using these match procedures, we can then examine whether ISO 9000 standards are associated with significant export growth. The effect of certification on exports is listed in Table 5 . Table 5 shows, in the whole sample, the ISO 9000 certification has a positive and significant effect on firm future exports after controlling for the probability of obtaining the certification. The results are robust with both matching methodologies. After certification, on average, the firm exports increase more than RMB 1,336,400. 12 This finding is consistent with existing literature that the international quality standards facilitate export growth (Masakure et al., 2009; Martincus, et al., 2010) .
Previous empirical studies argue the quality certification has diverse impact on exports across industries. The model of Garella and Petrakis (2008) shows, when consumers have less information about product quality, the minimum quality standards (MQS) more likely increases perceived product quality and thus willingness to pay for the goods. Therefore, the use of MQS policies has bigger influence on exports in markets with more severe information asymmetry. Moenius (2006) argues the processing technology matters for the effect of quality certification. When the processing technology is more complicated, it is more costly to get product information. Certification by international standards, in this case, plays a more important role in signaling product quality to increase exports. According to these arguments, we expect that high technology firms, because of their more advanced technology and thus more costly product information, should benefit more from the ISO 9000 standards certification.
According to OECD ISIC REV. 3 Technology Intensity Definition, we categorize the 9,909 sample firms into high-technology industries, medium-high-technology industries, medium-low-technology industries, and lowtechnology industries. Similar to the previous procedure, we first use the kernel matching to control for the probability of obtaining the quality certification and then test the impact of the certification on exports. Panel A in Table 6 shows that ISO9000 certification increases exports only in non-high-tech industries. The exports increase the most in low tech industries. On average, exports from certified low-technology firms are RMB 1.45 million more than those from uncertified low-technology firms (p-value less than 0.01).
To provide a detailed description of the quality standards' impact on exports, we study the two largest subindustries in each industry category.
14 Column (1) in Panel B of Table 6 is "Textiles, textile products, leather and footwear", column (2) is "Manufacturing, Recycling", column (3) is "Basic metals and fabricated metal products", column (4) is "Rubber and plastics products", column (5) is "Railroad equipment and transport equipment", column (6) is "Electrical machinery and apparatus", column (7) is "Office, accounting and computing machinery", and column (8) is "Medical, precision and optical instruments". The data confirms that only in low-technology subindustries and the "rubber and plastic products" in medium-low-technology industries, ISO 9000 standards certification increases exports (both p-values less than 0.01). Overall, the cross industry analysis shows the quality standards only positively affects exports in industries of low technology.
This observation is to the contrary of our expectation. We attribute it to the developing countries' specific business environment. Clougherty and Grajek (2008) argue the reason that the adoption of ISO 9000 standards benefits developing countries more than it does to developed countries is that developing countries face particularly high information asymmetries and transaction costs in exports. ISO 9000 certification can better serve as the quality assurance that helps to build up the "business-to-business contractual relations" (Conti, 1999) .
In developing countries, high-tech industries usually may be able to signal their product quality through other channels, such as patent grants. Low-technology industries, on the other hand, are harder to distinguish their products from each other. Since ISO 9000 certification ensures that an organization has a documented quality management system, it can signal the supplier's capability to deliver quality products, which decreases information asymmetry and transaction cost in low-technology product trades. Therefore, we find in our sample low technology firms benefit more from quality certification than high technology firms.
Ownership Structure Analysis -SOE vs. Non-SOE
Chinese SOEs have gone through significant reforms and restructuring. However, many studies find SOEs are still not as competitive as private enterprises. Mak (2008) study the time-series operating performance of China's state-owned hotels (SOHs). He argues that SOHs' focus on short-term rather than long-term profits decreases the overall performance. Pyke et al. (2002) compares the level of technology between enterprises of different ownership in China. They find the level of technology in SOEs significantly lags behind that in foreign-owned or joint enterprises. Government ownership and its related problems, such as complicated ownership, bureaucratic structure and control can also jeopardize the positive effect of obtaining ISO 9000 standards. We, therefore, repeat the previous regressions on subsamples of SOEs and non-SOEs. Consistent with our expectation, Panel A in Table 7 shows ISO 9000 standards adoption has a significant impact only in non-SOEs. On average, non-SOE exports increase RMB 18.32 million after obtaining ISO 9000 standards (p-value less than 0.01). SOEs, however, are not affected by the certification effect of ISO 9000 standards. When we compare firms with state ownership with those without state ownership, the results in Panel B do not show difference in the impact of ISO 9000 on export growth. This evidence further support the argument that only significant state government ownership affects the effect of the quality standards.
In our sample, 53% of SOEs adopt the quality standards while only 47% of non-SOEs do so. This high tendency to adopt the non-beneficial international quality standards suggests, because of the subsidy from state governments, SOEs are not sensitive to the cost burden of obtaining the quality certification. Meanwhile, not pursuing the profit maximization (Bai et al., 1997) , SOEs may apply for the quality standards just to comply with government. On the other hand, non-SOEs or those firms that do not have significant state government ownership have a better management mechanism that motivates the best use of the certification by the ISO 9000 standards.
CONCLUSION
There are not many existing studies of the impact of international standards on firm-level performance, especially in developing countries. Our study is the first to examine whether the adoption of ISO 9000 standards increases Chinese firm exports. To address the endogeneity issue in obtaining the standards, we use the kernel matching and nearest neighbor matching methodologies to compare the average impact of certification between treated and control groups. Our results show that obtaining ISO 9000 certification significantly increases exports with an average of more than RMB 1.33 million.
Furthermore, we compare the impact of quality standards on exports among industries and firms with different ownership. Our results show that low-technology firms and non-SOE firms increase exports more than high-technology and SOE's. These findings provide entrepreneurs and the Chinese government with guidance for obtaining ISO 9000 certification. Overall, our research provides new firm-level evidence that certification by international standards has positive impact on exports. 
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